t r o n s e j e c t e d upon t h e Na zp5 n! n ' l l 2 ' 4 L -t Na zp6 l~o.sfi a u t o i o n i z a t i o n was measured as a f u n c t i o n o f VUV-photon energy.
I n t r o d u c t i o n VUV p h o t o e l e c t r o n spectroscopy has proven an i d e a l t o o l f o r s t u d y i n g the many e l e c t r o n dynamics o f core e x c i t e d atoms /I/. By combining h i g h power tunable l a s e r s w i t h synchrotron r a d i a t i o n a new f i e l d has been opened / 2 , 3 / . States o p t ic a l l y i n a c c e s s i b l e from t h e ground s t a t e can be reached and t h e i o n i z a t i o n o f e x c i t e d s t a t e s can be i n v e s t i g a t e d . I n p r e v i o u s experiments i n n e r s h e l l e x c i t a t i o n s o f l a s e r -e x c i t e d Na have been s t u d i e d by a b s o r p t i o n /4/ and by photoelectron spec-
troscopy /2/. R a d i a t i v e decay o f Na zp5 3p 3s a u t o i o n i z i n g resonances has been observed i n e l e c t r o n atom c o l l i s i o n s /5/. I n order t o o b t a i n d e t a i l e d i n f o r m a t i o n on t h e character o f t h e e x c i t e d s t a t e s , we e x p l o i t e d the p o l a r i z a t i o n of t h e l a s e r and the synchrotron r a d i a t i o n . The a u t o i o n i z a t i o n spectra s t r o n g l y depend on the alignment o r o r i e n t a t i o n o f t h e e x c i t e d Na atoms achieved by l i n e a r l y o r c i r c ul a r l y p o l a r i z e d l a s e r l i g h t .
Experiment
The experimental s e t up i s schematically d e p i c t e d i n F i g . 1. The Na atoms were prepared i n an atomic beam emanating from a r e s i s t i v e l y heated s t a i n l e s s s t e e l Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987992 oven. The oven was o p e r a t e d a t 250°C t o produce a d e n s i t y o f a b o u t 2 1 0 11 Na atoms/cm3 i n t h e i n t e r a c t i o n zone. The 0 . 6 W l i n e a r l v o r c i r c u l a r l v o o l a r i z e d
, .
beam o f a CW-ring-dye l a s e r induced t h e 3 s 2 S1/2-b 3p 2~1 / 2 r e s p e c t i v e l y t r a n s i t i o n s . Doppler-and s a t u r a t i o n broadening r e s u l t e d i n a n e f f e c t i v e bandwidth o f a p p r o x i m a t e l y 900 MHz. T h e r e f o r e , s e v e r a l h y p e r f i n e components were pumped s i m u l t a n e o u s l v . The f r a c t i o n s o f t h e e x c i t e d atoms were e s t i m a t e d t o 4% f o r t h e 2 2~1,2 s t a t e and 8% f o r t h e P3/2 s t a t e . The resonance f l u o r e s c e n c e e m i t t e d perpend i c " 1 a r t o t h e a t o m i c and t h e l a s e r beams was monitored w i t h a photomultiplier. 6 2 The Na 2p 3p PlI2 3/2+ Zp5 ( 3 s 3 p 3~) 2 ' 4~ t r a n s i t i o n s were d r i v e n by monochromat i z e d s y n c h r o t r o n r a d i a t i o n (bandwidth 0.06 eV) o f t h e e l e c t r o n s t o r a g e r i n g BESSY. The r a d i a t i o n , l i n e a r l y p o l a r i z e d i n t h e h o r i z o n t a l p l a n e , was f o c u s s e d o n t o t h e i n t e r a c t i o n zone ( d i a m e t e r o f t h e f o c a l s p o t < 1 mm). The k i n e t i c e n e r g y o f t h e e l e c t r o n s e j e c t e d upon t h e decay o f t h e c o r e e x c i t e d s t a t e s was d e t e r m i n e d by a c y l i n d r i c a l m i r r o r a n a l y z e r ( a n g u l a r a c c e p t a n c e 0.8% o f 47, e n e r g y r e s o l u t i o n & E = 0.8% o f t h e p a s s e n e r g y ) . Only e l e c t r o n s e m i t t e d a t a n g l e s c l o s e t o t h e magic a n g l e o f 54.7O r e l a t i v e t o t.he p o l a r i z a t i o n v e c t o r o f t h e s y n c h r o t r o n l i g h t were a c c e p t e d by t h e a n a l y z e r . Fig: e x p e r i m e n t a l s e t up. 1 ) s c a l e r , I / O -r e g i s t e r 2) c h a n n e l t r o n 3 ) l e n s 4 ) p o l a r i z a t i o n m a n i p u l a t o r 5 ) l i g h t s w i t c h 6 ) p o l a r i z e r 7 ) f i l t e r .
R e s u l t s The c o n s t a n t i o n i c f i n a l s t a t e s p e c t r a (CIS) f o r t h e e x c i t a t i o n s w i t h l i n e a r l y 6 f o r photon e n e r g i e s between 31.1 eV and 31.9 e V a r e g i v e n i n t h e upper h a l f o f Fig. 2 . The p o l a r i z a t i o n v e c t o r o f t h e l a s e r was o r i e n t e d p a r a l l e l t o t h e p o l a r i z a t i o n vector o f the synchrotron r a d i a t i o n . The bottom curve shows the 6 2 spectrum obtained hy pumping the Na 2p 3s Sl I 2+ 2p 6 2 3p P3/2 t r a n s i t i o n w i t h c i r c u l a r l y p o l a r i z e d l a s e r l i g h t . The experimental data p o i n t s a r e f i t t e d by a s u p e r p o s i t i o n o f Gaussian p r o f j l e s having 0.06 eV h a l f width. The data have been normalized t o the incoming photon f l u x and c o r r e c t e d f o r t h e energy dependence o f t h e bandpass o f the e l e c t r o n energy analyzer. The u n c e r t a i n t i e s o f t h e r e l a t i v e amplitudes o f the l i n e s normalized t o the same number o f atoms i n the zp6 3p s t a t e amount t o l e s s than 205. The assignment o f the resonances proposed by Sugar e t a l . /4/ i s i n d i c a t e d i n F i g . 2. Sugar e t a l . based t h e i r assignment on Hartree Fock c a l c u l a t i o n s performed i n i n t e r m e d i a t e couplirly t a k i n g c o n f i g u r a t i o n i n t e r a c t i o n w i t h i n each LS s t a t e i n t o account. There i s no alignment f o r the 3p ' p l I 2 intermed i a t e s t a t e . Therefore, the uppermost spectrum i n F i g . performed by A. Weiss /4/. The e x c i t a t i o n t o t h e L~3 / 2 s t a t e by l i n e a r y p o l a r i z e d l a s e r l i g h t r e s u l t s i n an alignment, which e.g. manifests i t s e l f i n the d i f f e r e n t s t r e n g t h o f the 'SlI 2 l i n e i n the s p e c t r a e x c i t e d v i a Z~1 / 2 and 'pV2. dominated by t h e 2p 3p P3/2 + 2p (3s3p P) P 2i/2, 2 0 5 / 2 9 2p6 'sod processes. 5 3 Our spectra c l e a r l y show t h a t the 2p (3s3p P) P l 1 2 , 3/2 s t a t e s c o n t r i b u t e t o the a u t o i o n i z a t i o n spectra. Therefore, t h e o s c i l l a t o r s t r e n g t h s f o r the autoi o n i z i n g resonances determined by Bizau e t a l . /2/ have t o be modified. There i s good agreement f o r the energy p o s i t i o n s o f t h e resonances determined i n the photoelectron and the photoabsorption /4/ spectra. However, the r e l a t i v e amplitudes o f t h e resonances d i f f e r considerably. Most o f the discrepancies probably r e s t w i t h t h e d i f f i c u l t i e s encountered i n t h e determination o f r e l i a b l e r e l a t i v e c r o s s s e c t i o n s by photographic r e g i s t r a t i o n . Photon Energy (eV1
The increase by a f a c t o r o f 1.6 i s c o n s i s t e n t w i t h the f a c t o r o f 2 c a l c u l a t e d f o r t h e r a t i o o f t h e p a r t i a l c r o s s s e c t i o n s i n case o f complete alignment o f t h e 2~3 / 2 intermed i a t e s t a t e . For no alignment t h i s r a t i o n

